Third generation bio-ionic liquids (bio-ILs) were synthesized based on cheap and increasingly available camelina oil. The ionic liquids were obtained with high yield based on the reaction between camelina oil, which contained the following carboxylic acids: C18:3u-3 linolenic >30%, C20:1 eicosenoic 28%, C18:2u-6 linoleic 13%, C18:1 oleic 13%, C16:0 palmitic 4.5%, C22:1 erucic 4.5% and C18:0 stearic 2.5%, and quaternary ammonium hydroxides comprising cations such as: choline, di(hydrogenated tallow)dimethylammonium, oleylmethylbis(2-hydroxyethyl)ammonium, benzalkonium, tetradecyltrimethylammonium, tetramethylammonium and didecyldimethylammonium. The synthesized bio-ILs were characterized as high viscosity liquids which are thermally stable and their solubility in water and organic solvents depended on the type of cation. Two extreme examples of bio-ILs include the water soluble one comprising choline as the cation and the one comprising the di(hydrogenated tallow)dimethylammonium cation, which is soluble in hexane. The presented results show the importance of ammonium bio-ILs as antifeedants with a wide spectrum of activity. The tested beetles (Insecta: Coleoptera) of storage pests: grain weevil (Sitophilus granarius (L.)), confused flour beetle (Tribolium confusum Duv.) and khapra beetle (Trogoderma granarium Ev.) presented notable differences in terms of susceptibility to the synthesized ILs. The synthesized bio-ILs are effective adjuvants for herbicides belonging to the sylfonylurea group. They exhibited high activity despite the fact they were applied at a dose almost half that used for commercial adjuvants, which opens the era of adjuvant ILs. Aside from its use in the production of biodiesel, renewable diesel and renewable jet fuel, camelina oil is starting to become a potential resource for the production of novel agrochemicals.
Introduction
Ionic liquids (ILs) are a well-known group of chemical compounds, and have gained high popularity due to their unique properties. The number of possible cation-anion combinations is estimated to be over 10 18 , making them signicant for numerous applications. 1 Taking into account the physicochemical and biological properties of ILs, a general yet practical classication of these compounds into three generations was proposed in 2007. 2 The rst generation comprises ILs with specic physical properties, obtained by careful selection of appropriate cations and anions, whereas the second generation additionally considers their chemical properties. The third generation includes ILs, which simultaneously exhibit targeted biological properties as well as desired physical and chemical properties. An example of the most recent generation may be the conversion of popular drugs into ILs in order to increase their medical potential. [3] [4] [5] However, this effect is not only limited to pharmaceuticals. In 2011 (ref. 6 ) a novel group of ILs called herbicidal ionic liquids (HILs) which comprise a herbicidal anion was introduced. Currently there are literature reports regarding HILs based on the following herbicides: 2,4-D, 7 MCPA, 6 MCPB, 8 MCPP, 9 dichlorprop, 10 dicamba, 11, 12 clopyralid, 13 fomesafen, 14 bentazon, 15 glyphosate, 16,17 metsulfuron methyl, 18 nonanoic acid 19 and picloram. 20 The combination of two different types of biological activity is also known to date, as exemplied by dual function ILs which function as both herbicides and growth regulators. 21 Similar to drugs, the transformation of popular fungicides into the IL structure was also carried out. 22, 23 Additionally, some ILs were described as feeding deterrents, protecting stored crops from pests. 24 Recently there have been examples of studies regarding the chemical modication of plant resistance inducer, benzo [1, 2, 3] thiadiazole-7-carboxylate (BTH). 25, 26 When natural resources are used for the synthesis of third generation ILs, they may be classied as bio-ILs. platform, for example third generation ILs, to help with crucial issues, such as resistance to herbicides. Triglycerides present in vegetable oils are an attractive source of chemicals, mainly fatty acids, which may be a source of anions for the synthesis of ILs. Camelina is an annual oil plant, which belongs to the Brassicaceae family. Its attractiveness is associated with its resistance to negative soil and climate conditions as well as high tolerance to diseases such as Alternaria brassicae and pests. This allows to use low-class soils for its cultivation, which are not suitable for other crops. Additionally, camelina possesses unique agronomic traits, which include a short vegetation time and higher tendency to now sow seeds compared to ax. 30 Consequently, the attractive production economics and minimal input requirements regarding its cultivation provide further added advantages.
During recent years there has been a growing interest in camelina due to the unique composition of camelina oil. The adaptation of camelina to the vast areas of the world, high oil content (28-40%) combined with its unique oil composition and properties make it a suitable oil source for the production of biofuels, jet fuel, bio-based products, feed, and food. Camelina oil is rich in oleic (18:1, 14-18%), linoleic, (18:2 u-6, 15-23%), linolenic (18:3 u-3, 28-40%), and eicosenoic (20:1, 12-17%) acid. 31 Currently most attention is directed to the use of camelina oil for the production of biodiesel, renewable diesel and renewable jet fuel.
32
The aim of this study was to use camelina oil as a resource for the synthesis of bio-ILs and evaluate the potential application of the obtained compounds in agricultural practices. This study was focused on the synthesis of novel bio-ILs and evaluation of their physicochemical properties, deterrent and adjuvant activity.
Results and discussion
Camelina oil used in this study was analysed in terms of its fatty acid prole using HPLC. The presence and content of following main acids were established: C18:3u-3 a-linolenic (ALA) >30%, C20:1 eicosenoic 28.22%, C18:2u-6 linoleic (LA) and C18:1 oleic at 12.84% and 13.35%, respectively. The content of C16:0 palmitic (PA) and C22:1 erucic (EU) was below 5% (4.45% and 4.57%, respectively), C18:0 stearic acid was at 2.47%, C20:2 eicosadienoic at 1.86%, while C24:1 nervonic, C20:0 arachidic (ARA), C21:0 heneicosanoic and C24:0 lignoceric were present at <1% (0.98%, 0.86%, 0.61% and 0.19%, respectively). The presence of C14:0 myristic acid, C15:0 pentadecanoic acid, C15:1 pentadecenoic acid, C16:1 palmitoleic acid, C17:0 margaric acid, C17:1 10-heptadecenoic acid and C18:3u-6 g-linolenic acid (GLA) was not detected. The acidic value of the oil was equal to 3.12 mg NaOH/1 g, anisidine value was equal to 0.39, peroxide number was equal to 0.88, total oxidation value TOTOX was equal to 2.31, smoke point (which refers to the temperature at which the oil sample begins to smoke) was equal to 159 C.
Ionic liquids with camelina oil anions were synthesized according to the previously described procedure. 28 The progress and conditions of the reactions were monitored using a MettlerToledo EasyMax 102 system. Quaternary ammonium cations: (tetramethylammonium, tetradecyltrimethylammonium, didecyldimethylammonium, benzalkonium, choline, di(hydrogenated tallow)dimethylammonium and oleylmethylbis(2-hydroxyethyl)ammonium) with different structures were used during the syntheses in order to investigate their inuence on biological properties. The cation structures did not affect the reaction time. The pH of the solutions stabilized aer 20 minutes. The reaction were carried out in propan-2-ol and glycerine was the by-product (Scheme 1). All the synthesized products were obtained as high viscosity liquids at ambient temperature and did not exhibit a tendency to undergo crystallisation, which allows to classify them as ILs. In this case the anion consists of a mixture of fatty acids. The synthesized mixtures of bio-ILs (anion: C18:3u-3 linolenic >30%, C20:1 eicosenoic 28%, C18:2u -6 linoleic 13%, C18:1 oleic 13%, C16:0 palmitic 4.5%, C22:1 erucic 4.5% and C18:0 stearic 2.5%) will posses different physicochemical properties compared to pure ILs. This has been conrmed by recently published studies regarding binary mixtures of protic ILs derived from fatty acids, which presented a marked nonideal melting prole with the formation of solid solution.
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Seven bio-ILs were obtained with high yields, as presented in Table 1 . This group includes novel bio-ILs which comprise e.g. the cholinium cation 5 as well as ammonium cations with oleyl 6 or tallow 4 substituents.
The structures of ILs were conrmed by analysis of NMR spectra. The signals from the anion were identied in the range from 0.87 ppm to 0.90 ppm for protons of methyl groups, while protons in the methylene group bonded with the methyl group occurred as signals from 0.96 ppm to 0.99 ppm. The signals for methylene groups in the alkyl chain occurred in range from Protons from aliphatic substituents in the cation generated signals in ranges from 0.87 ppm to 0.90 ppm. Methylene groups in positions g, b and a to the quaternary nitrogen atom generated signals in ranges 1.53-1.69 ppm, 1.96-2.15 ppm and 3.22-3.45 ppm, respectively. Methyl groups bonded directly to the charged nitrogen atom were identied as signals between 3.19 ppm and 3.38 ppm. Protons in 2-hydroxyethyl groups occurred as signals in ranges 3.56-3.71 ppm and 4.04-4.05 ppm for protons in groups in positions a and b to the quaternary nitrogen atom. Methylene group between the nitrogen atom and the aromatic ring generated a signal at 4.72 ppm. Protons in aromatic ring were identied as signals between 7.42 ppm and 7.56 ppm.
The obtained ILs were investigated for phase transitions and thermal stability. The results were presented in Table 2 .
The studied ILs exhibited glass transition temperatures in the range from À69.3 C (7) to À25.1 C (2). No glass transition was observed for di(hydrogenated tallow)dimethylammonium (4). ILs presented multiple crystallization and melting steps, which can be explained by polymorphism of natural oils. This was also noted in case of ILs derived from canola and coconut oils. 27 Single transitions were noted for ILs with tetradecyltrimethylammonium (2) and didecyldimethylammonium (3) cations. The crystallization temperatures varied from À37.7 C to 47.9 C, while melting was observed between À37.5 C and 20.3 C. The obtained bio-ILs were thermally stable. The lowest temperature of decomposition of 5% of the sample was observed for benzalkonium IL (7), while in case of the remaining ILs the decomposition temperature ranged from 179 C to 189 C.
The solubility of the prepared bio-ILs was determined according to Vogel's Textbook of Practical Organic Chemistry.
34
Representative solvents were chosen and ranked by their Snyder polarity index value in a descending order (water -9.0, methanol -6.6, DMSO
were presented in Table 3 .
All the synthesized bio-ILs were soluble in methanol, DMSO and chloroform. The difference in solubility in water as well as in hexane was strongly inuenced by the structures of alkyl substituents. ILs with small-sized cations (1, 5) were soluble in water aer the addition of 1 mL. The presence of long alkyl chains in the cation rapidly decreased the ability of water to dissolve the tested ILs. On the other hand, ILs with two longchained saturated substituents (3, 4) caused moderate solubility in hexane. The hydroxyl (6) or aromatic (7) groups did not signicantly affect the solubility of ILs in the used solvents. Similar observations were made in case of ILs with anion originating from canola and coconut oils. 28 The obtained bio-ILs were unaffected by the contact with water and the organic solvents. During their storage in the form of aqueous, methanol or chloroform solutions no changes in their concentrations were noted.
The obtained bio-ILs were tested in terms of their antifeedant properties towards beetles of S. granarius, T. confusum, and larvae of T. confusum and T. granarium. The insects were grown on a wheat grain or whole-wheat meal diet in laboratory colonies, which were maintained at 26 AE 1 C and 60 AE 5% relative humidity. Choice and no-choice tests for insect-feeding were conducted following a described procedure. 35 Their activity was compared with the results obtained for azadirachtine -one of the most efficient feeding deterrent occurring in nature. Values of coefficients, A (absolute coefficient of c Alkyl-C 12 -40%, C 14 -60%. Table 2 Thermal characteristics of the synthesized bio-ILs 
a A-water, B-methanol, C-DMSO, D-acetonitrile, E-acetone, F-ethyl acetate, G-chloroform, H-toluene, I-hexane; solubility: "+" -good, "+/À" -moderate, "À" -not visible/none. deterrence) and R (relative coefficient of deterrence) were calculated as follows:
where CC is the average weight of the food consumed in the control, TT means the average weight of the food consumed in the no-choice test, while C and T express the average weights of the food consumed in the choice test. The sum of these two coefficients (T) explains deterrent activity: 200-151 very good, 150-101 good, 100-50 medium, <50 weak. The results calculated for beetles of S. granarius were presented in Fig. 1 . The blue line represents the value noted for azadirachtine.
The presented results show moderate antifeedant properties of the synthesized bio-ILs. The highest result was reached in case of didecyldimethylammonium IL (3), which was classied as a very good deterrent (deterrent activity T > 150). The lowest result was observed for IL with cation comprising an oleyl substituent (6) . The results obtained for T. confusum beetles were presented in Fig. 2 .
The beetles of T. confusum exhibited lower susceptibility to the tested ILs when compared to S. granarius. Again, the highest T value was calculated for 3. ILs with structurally small cations (1, 5) presented the lowest activity, their values of T did not exceed 50. The results calculated for larvae of T. confusum were presented in Fig. 3 .
Within the same species, larvae present signicantly lower sensitivity to the tested ILs. The highest T values were calculated for ILs with a long alkyl substituent in the cation -tetradecyltrimethylammonium (2) and didecyldimethylammonium (3). Small-sized cations acted as attractants, causing the larvae to preferably consume food covered with tested ILs in the nochoice test. The antifeedant activity of the synthesized bio-ILs towards larvae of T. granarium was presented in Fig. 4 .
Similar observations were made in case of T. granarium larvae. Surprisingly, the lowest activity was established for the IL with hydrogenated tallow cation (4), which comprises two long saturated alkyl chains. Instead of preventing, the IL promoted the consumption of covered food in both choice and no-choice tests. On the other hand, ILs with a single tetradecyl (2) or two dodecyl (3) substituents with similar structures presented very good antifeedant properties. The difference in the obtained results may be caused by specic composition of substituents in the cation, which naturally occur in animal fat. This may make IL 4 a potentially attractive source of energy.
T. granarium is mainly known as a pest in crop storage areas which has adapted to the uptake of plant food. Nevertheless, the notable majority of the remaining Trogoderma species, 150 of which were described all over the world, 36 feeds on animalbased food. In most cases this includes dried leathers and animal carcasses in the state of advanced decay, when the skeleton is covered only by skin, tendons and other poorly biodegradable body parts. The larvae of the Trogoderma species may also feed on feathers and hair. The attractiveness of the IL which contained a cation with a substituent based on animal fat to T. granarium may indicate the presence of primal substrate preferences of this species.
The presented results show the importance of ammonium bio-ILs as antifeedants with a wide spectrum of activity. The tested organisms presented large differences in susceptibility to the synthesized bio-ILs. The highest T values were calculated for ILs with long saturated substituents (2, 3), making them the most universal among the obtained compounds. In our previous studies, the best antifeedant parameters were also exhibited by didecyldimethylammonium ILs, however, as shown in the described results, the origin of anions used also plays a signicant role in the nal antifeedant effectiveness of the IL. 27 The lower sensitivity to the tested ILs presented by larvae may be caused by higher amounts of food consumed needed for development.
The rst published report regarding bio-ILs as adjuvants for sulfonylurea herbicides prompted us to investigate the synthesized ILs based on the cheap and increasingly available camelina oil as potential adjuvants of popular herbicides.
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Herbicide treatments consisted of nicosulfuron (Henik 50 SG) and ILs with fatty acid anions isolated from camelina oil or fatty acid methyl esters (Actirob 842 EC) as reference adjuvant tested against common lambsquarters, cornower and silky bent grass. The results were given as reduction in fresh weight of plants in Table 4 .
Nicosulfuron applied alone at 30 g ha À1 did not demonstrate herbicidal activity. The addition of adjuvants notably improved the herbicidal efficacy in all treatments. Results obtained for common lambsquaters and silky bent grass showed signicant differences only in case of combinations with and 
Conclusions
We conrmed that camelina oil is a good source of anions for the synthesis of bio-ILs. The reaction between camelina oil and quaternary ammonium hydroxides in propan-2-ol occurs rapidly with a high yield and glycerine is the by-product. The obtained ILs are thermally stable, high viscosity liquids, unaffected by the contact with air and organic solvents.
As presented in the framework of the study, it is possible to obtain bio-ILs, which are soluble in water as well as strongly hydrophobic solvents. ILs with fatty acid anions isolated from camelina oil and cations comprising two decyl or hydrogenated tallow substituents are soluble in hexane.
The synthesized ILs displayed deterrent activity with a strong inuence of the cation type. Very good deterrent activity was noted for bio-ILs with the tetradecyltrimethylammonium and didecyldimethylammonium cations. The observed deterrent activity ranging from a lack of effect to excellent action results from the cation structure, nevertheless, the type of anion also contributes to such a strong diversity of activity. The presented results show the importance of ammonium bio-ILs as antifeedants with a wide spectrum of activity. At the same time, the studied bio-ILs are effective adjuvants for herbicides belonging to the sulfonylurea group. They exhibited high efficacy despite the fact that they were applied at a dose which was lower by approx. half compared to that used in commercial adjuvants. The excellent results obtained in the framework of this study open a new era of adjuvant ILs.
In summary, it is worth emphasizing that third generation bio-ILs were synthesized from a cheap and increasingly available camelina oil. Apart from the production of biodiesel, renewable diesel and renewable jet fuel, camelina oil is also a potential resource for the production of novel agrochemicals.
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